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VIKING 2 

VIKING 1 
PATHFINDER 

CURIOSITY 

BEAGLE 2 (ESA) 

MER SPIRIT 

MER OPPORTUNITY 

Newton Crater 
(seasonal flows) 

From canyons to glaciers, from geology to astrobiology, the amount of 
exciting surface science awaiting us at Mars greatly outstrips the 
available mission opportunities.  MARSDROP was motivated by the 

desire to fly piggyback Mars microprobes to increase opportunities 

Chryse 
(outflows) 

Polar Areas 
(sublimating frost) 

Valles Marineris 
(layered rock) 

Tharsis 
(lava flows) 

NASA Images 
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Landing Architecture 

Entry Interface 
100 km, V=7km/sec 

T+1 min, Max Q 
35 km, 15 g’s 

T+3 min, Backshell Sep. 
6.5 km, Mach 0.85 

T+3 min, Main Deploy 
6.5 km, 200m/sec 

T+3 min, Peak Inflation Load 
6.5 km, 65 g’s 

T+10 min, Terminal Landing 
3.0 km, Vertical < 7.5 m/sec 

Foreground & REBR Images Courtesy of NASA 

3-DOF Simulation 
(Range, Height, Orientation) 
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Capability Summary 

•  Probe is largely inert ballast from the host 
standpoint, added burden of 10 kg per probe 

•  Probe shape derived from REBR/DSII, 
provides passive entry stability 

•  Entry mass limited by the need to provide a 
subsonic parachute deployment 
–  3-4 kg probe entry mass 
–  Accommodates a ~1 kg science payload 

•  Packed chute preserves a significant portion 
of the volume for a landed payload 

•  Parawing is potentially steerable, opening 
the way for targeted landing 
–  New missions enabled 

•  Inexpensive, $20-50 million per mission 
–  Encourages high risk destinations, such 

as canyons 
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MarsDrop parafoil with entry vehicle 
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A Technology Demonstration Mission 

•  A low cost demonstration mission 
could be mounted in the near future 
based largely on existing elements: 
–  Cruise stage carrier brackets borrowed 

from Mars Polar Lander design. 
–  Aeroshell derived from REBR/DSII. 
–  Flight computer borrowed from 

Aerospace/JPL CubeSats. 
–  Iris-based radio. 
–  COTS imaging descent camera. 

•  Once demonstrated, several 
piggyback probes can go with each 
Mars-bound craft at minimal added 
cost & mass. 
–  Instrument technology survey identified 

a wide range of plausible payloads. 

NASA Photo Pre-Decisional Information -- For Planning and Discussion Purposes Only 



Survey: A Variety of Plausible Instrumentation, Serving a Span of Science, Can Be Accommodated 
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17 mm 
image source: https://pixhawk.ethz.ch/electronics/camera  

Gumstix module (left) mounted on a programming board and connected via 
flex cable to a 1 MP Aptina MT9V032-based camera with M12 lens (right).  
 
The TI AM3703 DSP could run a modified version of the Mars2020 Lander 
Vision System to provide Terrain Relative Navigation better than 1 meter 
knowledge at landing. Parameter Specification 

Mass, Power, 
Volume 

33 g, 475 mW, < 6 cc 

FOV, iFOV, 
pixels 

48˚, 1 milliradian, 1 MP 

framerate 60 fps 
lens 4-element glass, f/4, 6 

mm 
Computation TI AM3703 DSP with 

1GHz ARM CORTEX 
A8  

IMU input for 
Lander Vision 

System 

MEMS Altimeter & 3-
axis MEMS 

accelerometer 

Example Camera System  
with Computation for Terrain Relative Navigation 

•  Modifications likely required: 
•  Materials compatibility. 
•  Modest rad tolerance (<~10 krad). 
•  Thermal tolerance or heater. 
•  Different pressure sensor? 

(POC: Justin Boland, Justin.S.Boland@jpl.nasa.gov) 



1.  Before launch, identify regions of high science return in existing Mars 
imagery. 

2.  At T+3 minutes, turn on camera and take image. 
3.  Compare to known imagery of Mars scaled for altitude and camera 

resolution to perform first rough location. 
4.  Take images at 1 frame per second, combine with attitude knowledge to 

improve location, velocity and attitude knowledge.  Infer local winds. 
5.  Continuously calculate controllable landing area and steer towards 

closest, previously identified high science or use texture algorithms to 
look for high contrast areas. 

6.  Use optical flow algorithm to verify ground speed and improve altitude 
knowledge. 

7.  Flared landing with terrain knowledge better than 1 meter. 

Terrain Relative Navigation Concept Operations 

Image: HiRISE ESP_038020_1510, 51.3 cm/pixel   
 

Preprogramed desired landing sites, best TRN solution 
 



Example Instrument: Deep UV Fluorescence 
 Deep UV Fluorescence/Raman Instr. 

Example Data Product 

Trace Organics/Biosignature Detection 
•  Deep UV (excitation <250 nm) spectroscopy is an 

active spectroscopic method that enables detection 
and characterization of organics and astrobiologically 
relevant minerals. 

•  Integrated visible imaging CCD context camera.  
•  NASA- & DARPA-supported development >15 yrs.  
•  ~700 g, <15W for Fluorescence imaging-only.  

Deep UV laser induced native fluorescence 
•  Enables detection and differentiation of organics  

•  both abiotic and biotic organics 
•  Organics in meteorites (wide range of thermal 

maturity), and potential biosignatures. 
•  Maps/images organic distribution over 1cm2 
•  Sensitivity at ppb. 

 Deep UV resonance Raman 
•  Enables detection and characterization of a wider range of 

organics relevant to biosignatures and alteration processes.  
•  Presently too large for MarsDrop microlander capability. 

(POC: Roh Bhartia rbhartia@jpl.nasa.gov/ 
 Luther Beegle, lbeegle@jpl.nasa.gov)  

Current Status 
•  Mars 2020 – SHERLOC instrument under development;  
•  3+ kg.; miniaturizing in progress 
•  TRL advancements for next generation sub-250 nm deep UV 

AlGaN sources to be developed to reduce overall size to <1kg 

Context Image of Fig Tree Chert

Fluorescence Map
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Contact:  robert.l.staehle@jpl.nasa.gov 
818 354-1176 

Summary 

•  Double or triple the number of Mars landers at small additional cost 
for each mission opportunity. 

•  Target high-risk locations, including canyons and crater walls. 
•  Distributed science from multiple sites simultaneously. 
•  Allow heavy university and small business involvement, at a level 

just now starting with beyond-Earth CubeSats. 
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Additional Information 

Backup Slides 
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Example Payload: Iris X-band Transponder  
 

~10 x 10 x 5 cm, <0.5 kg + antenna (less if UHF-only) 
 

!

SSPA$

BOT$SSPA$

8.4+8.45GHz$

TOP$

V+MOD$PLO$ PLO$

I/Q$

TCXO$

RECEIVER& TRANSMITTER&

LNA$

LNA$

BOT$

7.145+7.19GHz$

TOP$

IRM$

TO&ADC&

112.5MHz$

50MHz$

!

RF Block Diagram: 

All functions and PLOs under FPGA control 
All signal processing at baseband in FPGA 
  - generation of transmit I/Q 
  - processing of 112.5 MHz receive IF 
 

Iris Prototype Stack 
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POC = Courtney Duncan/JPL  
courtney.b.duncan@jpl.nasa.gov  



Example Instrument: 
Could we use a Go Pro Camera at Mars? 

•  COTS* Imaging solution for Mars? 
–  <2 W during imaging 
–  <150 g in default configuration, including housing 
–  ~60 mm wide 

•  On Earth, can provide images up to 12MP  or 1080p video 
–  f/2.8 lens with diagonal FoV configurable to be 115 or 150 deg 

•  Spatial resolution during descent 
–  Spatial resolution (not counting smear) in the 5MP (2560x1920px) mode. 5MP 

was baselined because it is the smallest file size generated by the GoPro: 
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(POC: Travis Imken: Travis.Imken@jpl.nasa.gov)  

•  Modifications likely required: 
•  Materials compatibility. 
•  Modest rad tolerance (<~10 krad). 
•  Thermal tolerance or heater. 
•  Voltage & data interface tbd. 

*COTS = Commercial Off-the-Shelf 

Slant Range Spatial 
resolution 

15km 12m 
10km 9m 
5km 4m 
1km 0.8m 

100m 8cm 
10m 8mm 
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Beyond Mars 
•  Concept equally applicable to 

planetary atmospheres thicker than 
Mars: Earth, Titan, Venus 
–  Titan, in particular, has a variety of 

terrain, lakes, and potentially 
rivers; ability to send multiple 
probes to different sites is 
attractive. 


